Objective: The population-based cancer registries (PBCR) and the Information System on Live Births in Brazil (Sistema de Informações sobre Nascidos Vivos [SINASC]) have information that enables the test for risk factors associated with leukemia at an early age. The aim of this study was to identify maternal and birth characteristics associated with early-age acute leukemia (EAL) in Brazil. Methods: A case-cohort study was performed using secondary dataset information of PBCR and SINASC. The risk association variables were grouped into (i) characteristics of the child at birth and (ii) characteristics of maternal exposure during pregnancy. The case---control ratio was 1:4. Linkage was performed using R software; odds ratio (OR) and 95% confidence interval (CI) were calculated by logistic regression models. Results: EAL was associated with maternal occupational exposure to chemicals (agricultural, chemical, and petrochemical industry; adjOR: 2.18, 95% CI: 1.16---4.10) and with birth defects (adjOR: 3.62, 95% CI: 1.19---11.00).
Introduction
Worldwide, leukemia is the most common malignancy diagnosed in children under the age of 5 years. The incidence rate of acute lymphoblastic leukemia (ALL) has a sharp peak between 2 and 4 years of age at diagnosis, and tends to affect more boys than girls. 1 The etiology of childhood leukemia remains a challenge, although the premise that early-age leukemia (EAL) arises from somatic clonal cells originating during fetal life encourages the research toward factors associated with environmental exposures. 1 The concept of causality has been established based on evidences that need further testing. This is particularly true in public health and social sciences. For childhood leukemia, a causal study-model should take into consideration that leukemias have diverse, age-dependent, biological subtypes, and above all a multistep pathogenesis. Some perinatal characteristics, such as birth weight, birth order, mode of delivery, maternal age, and maternal occupational exposure, have been associated with childhood leukemia in case---control studies.
2--- 6 Since classic case---control studies can be inefficient in the case of rare diseases such as EAL, a methodological alternative is to combine a case---control study into a cohort. This study aimed to investigate maternal and birth characteristics associated with EAL risk factors using a case-cohort model. The variables were assessed through information gathered from secondary population-based registries.
Materials and methods

Study design
A population-based case-cohort study was performed. Cases and controls were obtained from 12 population-based cancer registries (PBCR) and from the Information System on Live Births in Brazil (Sistema de Informações sobre Nascidos Vivos [SINASC] ) from the same cities as the PBCR. This strategy allowed all individuals of the population base to have the same probability of being selected to form the control group, regardless of when the data was collected.
Data
Initially, 372 total cases of leukemia were identified from 12 PBCR cities: Aracaju, Belém, Belo Horizonte, Cuiabá, Curitiba, Fortaleza, João Pessoa, Manaus, Natal, Porto Alegre, Recife, and Vitória, with information available overtime (2000---2009 Controls were selected from the SINASC, in the same cities of the cases, who had also been born after the year 2000 (n = 5,623,179). Four controls per case were chosen, using systematic random sampling from the SINASC data by birth order, year, and sex. The SINASC database was accessed for the selection of eligible controls, as well as to obtain the pregnancy and perinatal information of cases and controls. Multiple pregnancies were excluded from the study (n = 104,757; 1.9%).
The characteristics at childbirth analyzed were gender, skin color, maternal age, maternal education, maternal occupation during the child's pregnancy, child birth order, mode of delivery, gestational age (weeks) at birth, fiveminute APGAR score, birth weight, fetal growth, and birth defects (ICD-10).
Maternal age was evaluated as a continuous variable with units of five-year intervals, and a categorical variable with two levels (<30 and ≥30). Maternal occupational exposure was classified into a categorical variable with three levels: (1) not working, defined as stay-at-home mothers and students; (2) chemical, defined as workers in the agricultural, chemical, and petrochemical industry and, (3) others, not otherwise specified (NOS). Birth order was calculated from the number of previous pregnancies, counting both living and dead children plus one. The five-minute Apgar scores were categorized into two levels: ≤8 and >8. Birth weight was evaluated as a continuous variable with units of 500 g and 1000 g, and a categorical variable with two levels (≤3000 g and > 3000 g). Sex, birth weight, and gestational age were used to classify weight into gestational age categories. Large for gestational age (LGA) was defined as having a birth weight above the specific 90th percentile for sex and gestational age; small for gestational age (SGA) was defined as having a birth weight below the 10th percentile; and appropriate for gestational age (AGA) was defined as having a weight between the 10th and 90th percentiles. A large, published birth cohort of birth weight percentiles in the Brazilian population was used as a reference for these categories. 
Statistical analysis
A record linkage-based case-cohort study with PBCR and SINASC databases was performed. As these two databases do not have a unique identifier, it was necessary to adopt probabilistic data linkage using the variables present in both databases and to use different combinations to compare and block exclusion variables. The full details of this methodology have been described elsewhere. 8 The Record Linkage package was used on R software (R Foundation for Statistical Computing, Viena, Austria). The probabilistic algorithm was used to identify records related to unique individuals in both databases combined. The mother's name was the key variable, and the Soundex (Brazil) algorithm (http://CRAN.R-project.org/package=soundexBR) was used 
Results
The frequencies of maternal and perinatal variables among cases and controls, including socio-demographic and gestational characteristics, are shown in Table 1 . There were 207 cases of ALL, 41 AML, and 24 AL-NSL, and 1088 controls, according to the distribution of 12 PBCR selected.
Birth defects were predominant in AML subtypes (p = 0.07). Seven cases had birth defects (Q35.9 ---cleft palate, unspecified, Q66.1 ---talipes calcaneovarus, Q79.3 ---gastroschisis, Q89.9 ---congenital malformation, unspecified, and Q90.9 ---Down syndrome, unspecified) representing 2.6% of EALs. The birth anomalies in the control group (0.6%) were: Q17.9 ---congenital malformation of ear, unspecified, Q27.0 ---congenital absence and hypoplasia of umbilical artery, Q37.9 ---unspecified cleft palate with unilateral cleft lip, Q54.9 ---hypospadias, unspecified, Q89.8 ---other specified congenital malformations, and Q90.9 ---Down syndrome, unspecified.
The association between maternal and perinatal variables and EAL are shown in Table 2 , through crude and adjusted analyses. There were increased and significant risk associations between EAL and chemical maternal occupational exposures (OR crude = 2.45; 95% CI: 1.33---4.51); and birth defects (OR crude = 4.10; 95% CI: 1.42---11.81). After the adjusted analysis, maternal occupational exposure to chemicals and birth defects remained strongly associated with EAL (OR [ cases (>41 gestation weeks) variable from the fit analysis, when the adjOR was calculated. The distinct magnitude of risk associations between maternal and perinatal characteristics and ALL are described in Fig. 1, whereas Fig. 2 
Discussion
Childhood leukemia is the most common pediatric malignancy, and the peak incidence is between 2 and 5 years of age in most populations, suggesting in utero development.
Maternal and perinatal characteristics are described as possible risk factors. 1 A record linkage case-cohort study was conducted in which data collected from two populationbased studies were explored. One of the datasets used, the SINASC, was created in 1990; since the year 2000, it has been recognized as a good quality birth registry, with accurate information. 9 Similarly, the Brazilian PBCR used in this study has been consider by the International Agency for Research on Cancer (IARC) to be of good quality; it was classified as a group B defined coverage (approximately LGA, large for gestational age. 50%) with the parameters suggested for incidence rate analysis. 10 Therefore, the present study, with record linkage population-based case-cohort approach, provided reliable results concerning the risk factors associated with EAL in Brazil. Perinatal, maternal occupation, and motherchild characteristics in relation to EAL were explored herein.
Some studies have shown increased risk of childhood leukemia associated with maternal occupational exposures during pregnancy, especially for women working in the front line of agricultural activities or exposed to pesticides or solvents. 11, 12 In this population-based case-cohort study, an increased associated risk rate was observed among mothers self-identified as workers in the agricultural, chemical, and petrochemical industries; an eight-fold risk of AML was observed. These results corroborate those of a previous hospital-based case---control study, which found a strong association of maternal exposure to pesticides and infant leukemia in Brazil. 12 Conception at advanced maternal age has been described as a childhood leukemia risk factor, although with an inconsistent result in some studies. 13, 14 In the present analysis, a statistically marginally significant association with EAL was found with maternal age evaluated as continuous variable. However, a significant risk was observed for ALL (OR = 1.7). A possible explanation for the association of advanced maternal age and ALL could be the gametes' long-term exposure to environmental agents. 15 Delivery by cesarean section was also associated with ALL (HR = 1.35). Delivery by cesarean section had been previously found to be associated with ALL in Hispanics in an international pooled analysis of case---control studies. 16 Along with this epidemiological evidence, maternal education was also found to be associated with increased risk for ALL development when mothers had an education level higher than high school (HR = 1.21; 95% CI: 1.0---1.47) in developed countries. 17 A recent study analyzed ALL and maternal education inn Egyptian children, observing an association between high educational level and ALL risk (OR = 2.05; 95% CI: 1.46---2.88). 18 Using maternal education as a proxy variable for socioeconomic indicator level (SES-i), no association was observed between EAL and SES-i in the entire Brazilian PBCR settings. However, based this information, given as an implicit comparison, the results observed in this study must be analyzed prudently for the aforementioned reasons. The SES-i based on maternal education is not perfect; however, the SINASC dataset has good completeness and strong positive association of lower maternal education with poor SES-i (http://www.ibge.gov.br). Maternal education in cases and controls might reflect the social environment experience by all participants in this analysis.
Other variables, such as gestational age, Apgar score at birth, birth order, and birth weight were not associated with EAL. Children with low five-minute Apgar score had some unfavorable results of delivery, and this score is a predictor of childhood cancer, mainly solid tumors, but not childhood leukemia. 19---22 Among all birth characteristics, birth weight has been well-described as a risk factor for ALL in early ages and for some pediatric embryonal tumors.
2---5 Although birth weight was not associated with EAL in the present investigation, in a previous Brazilian case---control designed study, the odds ratio between i-ALL and birth weight was 1.30, after adjusting for confounders such as sex, maternal age, family income, and pesticide exposure during pregnancy. In that study, the hospital-based controls were in the stratum of 4000 g or more, comparatively to those born weigh in between 2500 and 2999 g. 23 To understand the potential biological mechanisms that may explain the link between high birth weight and risk of ALL, it is important to differentiate high absolute weight and high relative weight at birth. Birth weight adjusted for gestational age was first examined for the risk of ALL in two English databases, and no significant associations were observed (absolute birth weight and weight adjusted for gestational age). 24 Recently, the Childhood Leukemia International Consortium (CLIC), using a pooled analysis of case---control studies, demonstrated that accelerated fetal growth is associated with an increased risk of ALL. 4 This evidence raises speculation about the function of insulin-like receptor gene family, especially the insulin-like growth factor-1 (IGF-1). The ratio of IGF-I concentration measured in umbilical cord blood and positively associated with birth weight, placental weight, and weight index were assessed; high circulating levels of IGF-I were reported in infants with high birth weight. 25, 26 Birth defects are a strong associated risk factor for childhood cancer. Down syndrome is a well-known risk factor for infant leukemia, especially for AML. 27, 28 In the present study, a high risk for AML (three birth anomalies among 41 cases) was observed. The three birth anomalies were Down syndrome, cleft palate, and unspecified congenital malformation (one each).
Some considerations should be mentioned regarding the limitations of the present results. Firstly, the loss of 27% of cases not found when linking the two databases (PBCR/SINASC) may have compromised the interpretation of results, although the effect would be loss of statistical power, but no change in the risk. It has been described that 35% of Brazilians do not live in the city of birth. 9, 29 The most likely explanation for the loss of matched cases---controls is that migration is very common in Brazil, mainly because parents look for opportunities in large cities, consequently with loss of outcomes in city of birth. Another limitation regarded specific maternal occupational exposure data, whose completeness in SINASC is considered low. The definition of categories in SINASC and PBCR concerning occupation follows the updated resolution of the International Standard Classification of Occupations (ISCO-08). Occupation is defined as a set of activities characterized by a high degree of similarity in ISCO-8, although not related to specific exposures. 11 Because of the small number in each category assessment, the variables agricultural, chemical, and petrochemical industries were combined in a single group as occupational exposures to potential carcinogenic substances. A causal study model should take into account the diverse cell subtypes of childhood leukemia, and the low completeness of these variables in PBCR represents another limitation of this analysis.
Finally, another pitfall of this study lies in the description of the birth defect of SINASC and PBCR, which needs improvements, due to the high number of other specified congenital malformations (Q89.9). It has already been described that specific birth defects are underreported in hospital registries. 28, 29 However, the authors believe this lack of definition has not led to differential error direction in the present results of absolute risk factors for EAL in Brazil.
The strengths of this study should be also highlighted. Firstly, the case-cohort design assumes that all variables were obtained at the beginning of the study (at base-line), thus, data were obtained before any disease developed. Secondly, data from two good quality population-based datasets were used, which increases the likelihood that these findings represent actual risk factors. Despite all the aforementioned limitations, this was the first study in Brazil to consult two secondary databases in order to establish an association between risk factors and the development of leukemia in children at an early age. Finally, the authors believe that the present findings provides evidence that maternal exposures during pregnancy and birth characteristics should be studied in greater depth as cause-effect in utero leukemogenesis.
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